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The  Improvemoiat  of  Sheridan  Road  in  Glencoe. 


It  la  proposed  to  improve  Sheridan 
Road, in  Glencoe, between  the  north  limit  and 
Central  Avenue. 

The  present  location  of  the  road  is 
one  of  natural  beauty,  and,  as  well  as  an  at- 
tractive pleasure  drive,  it  is  the  chief  high- 
way connection  betweer,  the  lake  shore  tovjns . 
Improvements  have  been  made  on  the  r'oad  at 
various  points  and  those  parts  are  now  in  ex- 
cellent condition.  Improvements  v/ill  ultimate- 
ly be  made  all  along  but  the  North  Glencoe 
section  is  in  need  of  immediate  repairs.  The 
conditions  of  travel  are  at  times  very  uncom- 
fortable on  account  of  steep  grades  and  sharp 
curves  at  ravines,  where  the  bridges  are  set 
low  and  the  approaches  are  ill-paved. 

TJithin  the  limits  as  stated  above, 
the  road  crosses  two  ravines  cut  through  a 
clay  soil  by  small  stream®s.  It  is  carried  a- 
cross  the  north  ravine  on  a  steel  truss  deck 
bridge  of  140  ft.  span.  The  approach  curves 
at  this  point  are  sharp  and  the  north  and 
south  approach  grades  are  lOf^  and  11^  res- 
pectively. The  pavement  of  bhe  north  approach 
is  in  very  bad  condition,  is  very  heavy  in 
wet  weather,  and  very  difficult  to  travel. 
The  south  ravine  is  crossed  on  a  short  pile 
trestle.  The  south  approach  is  on  a  curve  • 
wliich  is,  however,  not  acute.  The  maximm 
approach  grades  are  12/^  and  10^. 

The  proposed  Improvement  is  to  es- 
tablish concrete  bridges  at  the  ravines  and 
to  re-grade  and  re-pave  the  approaches.  The 
road  all  along  is  drained  by  tile  gutter  drains 
and  repavement  will  satisfy  all  drainage  re- 


)Gor<.i>J 'C    ■:•:''   -t.-ro^f  lisl^xioric   Ic   j,aeiaa7C''xc[iijI   snT 


•y,y     p  r      ;■■  • 


.  f^"o  ^'.'^  f  r-,"!'!-". o    ,"!'!"' f>  ^  r  "■-> ' 


f ., 


4        i  I 


.  el  Jas'i  J 


..VL;,  .i.     c;-i,{: 


I.:,  .iv;    c  yr   bru:. 


X 


H— 


<>*■'.■ -LI     «» 


r 


Jk 


■^ 


AKKSHra 


(2) 


quirsments .  Approach  gradeo  of  bfc   Hiaxiinum  vrlll 
"be  secured  at  the  north  ravine  by  regrading 
and  raising  the  roadway  across  the  ravine  5 
ft.  and  maximum  grades  of  ■3'%   will  be  secured 
at  the  south  ravine  by  raising  the  roadway  3 
ft.  It  is  particularly  desirable  to  preserve 
the  continuity  of  the  ravines;  hence,  exten- 
sive fills  and  small  culverts  would  not  do. 
Reinforced  concrete  bridges,  on  accounb  of 
grace  and  beauty  of  design  and  the  ease  of 
architectural  treatment,  are  naturaly  adopted. 
These  will  be  durable.  Ft  able,  and  ultimately 
the  most  economical  structures,  and  will  re- 
q^iire  no  maintenance. 

The  existing  alignment  of  the  road 
and  the  grades  at  the  ravines  and  the  proposed 
readjustment  of  both  are  shown  on  Plate  1. 
The  approaches  will  be  repaved  up  to  the  points 
as  marked  on  the  map  for  I'egrading.  The  pave- 
ment is  to  be  lime  stone  macadam. 


Plate  2  shov/s  the  design  and  de- 
tails of  the  bridge  over  the  north  ravine. 
The  clear  span  is  73  ft.  and  the  clear  rise 
above  the  stream  is  33  ft.  For  the  arch 
ring  the  curve  of  the  intrados  was  deter- 
mined accordi]^g  to  the  method  of  D.B.Luten. 
The  extrados  consists  of  a  circular  arc  vdth 
tgaigents  extending  to  the  abutments.  The  the- 
ory of  the  elastic  arch  as  developed  by  Prof. 
T7m.  Cain  was  followed  in  testing  the  arch. 

This  bridge  vdll  allow  for  a  road- 
way twenty  feet  vri.de  and  a  four  foot  side- 
wall:  on  each  side.  The  spandrel  walls  are  ex- 
tended to  form  the  railing  one  foot  thick 
and  for  appearance,  they  are  to  be  finished 
with  a  coping.  In  order  to  prevent  dripping 
over  the  face  of  the  arch  ring,  a  wedge  shaped 
ridge  is  molded  in  the  arch  ring  to  fit  in  a 
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corresponding  groove  in  the  spandrel  wall.  In 
order  to  provide  drainage  for  the  earth  fill, 
a  weep-hole  is  to  be  inserted  over  the  abut- 
ment and  a  tile  drain  is  placed  to  divert  the 
vrater  to  the  ravine.  As  the  foundations  are  to 
be  imbedded  in  stiff  clay,  the  abutnent  viall 
is  extended  dovin  to  the  same  level  as  the 
streams  bed. 

The  arch  ring  is  as  follov/s:-  In 
laying  out  the  intrados,  an  ellipse  having  a 
serai -ma^or  axis  of  39  ft.  and  a  "emi -minor 
axis  of  S3  ft.  was  drawn  through  the  crown. 
A  circle  having  a  radius  of  44.5  ft.  and 
passing  through  the  crovra  and  the  two  extrem- 
ities of  the  major-axis  was  then  drav/n.  The 
resulting  curve  of  the  intrados  lies  midAvay 
between  these  two  curves.  The  extrados  is  the 
arc  of  a  curve  having  a  radius  of  79  f t .  and 
subtending  an  arc  of  44   18';  tangents  to  the 
arc  being  dra\'/n  at  these  points  and  extended 
to  form  the  top  sur^face  of  the  abutments.  The 
depth  of  the  arch  ring  at  the  crown  was  assum- 
ed as  18" .  In  order  to  have  sufficient  reinf 
forcment  at  the  haunches,  where  the  stress  is 
greatest,  2f-   of  the  cross-sectional  area  of 
the  concrete  at  the  crown  was  taken  for  the 
area  of  the  steel.  For'  this  soction  a  50ir 
rail  with  an  area  of  4.9  sq.  in.  was  used. 
The  splice  betweel  tv;o  consecutive  rails  is 
made  with  plates  and  '5/4^    rivets,  making  a 
net  section  of  4.47  sq.  in.  or  0.051  sq.  ft. 

After  laying  out  the  arch  ring  as 
sho\Tn  on  Plate  4,  the  radial  depths  wpre  scaled 
at  intervals  of  one  foot  measured  along  the 
neutral  axis.  These  valties  are  tabulated  in 
Table  1.  The  neutral  axis  was  then  divided  in- 
to subdivisions  and  these  values  also  tabulated. 
The  mid-points  or  a,  ,  a^  ,  etc.  shov/n  on  Plate 
4,  were  then  designated.  The  weight  of  the 
arch  ring  with  the  spandrel  filling  and  pave- 
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ment  was  then  conputed  for  each  Qoction  a,  ,  a, , 
a, ,  etc.  and  tabulated  in  Table  2.  A  live  load 
of  150,'-  per  sq.  ft.  was  assumed  to  be  on  the 
left  half  of  the  bridge.  The  ordinates  of  the 
eqviilibriura  polygon  were  conputod,  the  load 
being  considered  as  concentrated  loads  acting 
nidway  between  a.  ,  a^  f  a,  ,  etc.  These  results 
are  sho\7n  in  Tables  3  and  4. 

In  Table  5  are  shov/n  the  values  of  the 
ordihates  of  the  equilibrium  polygon  through 
the  points  a.  ,  a,,  etc.  and  extending  to  the 
line  through  the  extremities  of  the  polygon  or 
the  line  V.  V,^,  Plate  4.  Also,  the  moments  of 
the  difference  of  the  correspondiag  ordinates 
about  the  croun  are  shown.  The  corresponding 
values  of  the  ordinates  with  their  moments 
for  the  triangles  V.  nV^^and  nn,  V^^are  also  shown 
in  this  table. 

The  column  headed  "y"  of  Table  6  con- 
tains the  ordinates  to  the  neutral  axis  of  the 
arch  ring  measured  from  a  line  through  0  and  0,  > 
the  springing  points  of  the  axis.  The  column 
headed  ">a"  contains  the  values  of  the  ordinates 
measured  fpom  a  line  kk,  ,  dra\7n  13.59  ft.  above 
the  line  through  00,  ,  to  the  neutral  axis,  the 
minus  sign  denoting  that  the  neutral  axis  is 
below  this  line  and  vice  versa  for  the  positive 
sign.  This  table  also  contains  the  ordinates 
for  the  equilibrium  polygon  as  measured  from 
the  true  closing  line,  mm,,  Plate  4.  They  are 
shown  in  the  column  headed  "mb" .  As  developed 
in  Cain's  theory,  the  ordinates  of  the  trail 
polygon  must  be  decreased  in  the  same  propor- 
tion that  the  sum  of  "mby" .  This  proportion 
is  94.96  to  484.39  or  0.19.  The  horizontal 
thrust  "H"  is  altered  in  the  inverse  ratio  or 
5,1.  Ihe  correct  ordinates  are  also  shown  in 
this  table.  For  convenience  in  figuring  the 
unit  stresses,  another  column  was  added  which 
contains  the  distance,  measured  along  the  lines 
through  a,  ,ai,  etc.  that  the  true  equilibrium 
is  from  the  neutral  axis,  the  minus  sign  in- 
dicating that  the  curve  is  below  the  neutral 
axis  and  vice  versa  for  the  positive  sign. 
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In  Table  7  are  shovrn  the  unit  stresses 
in  both  the  steol  and  the  concrete  at  the  polmts 
a, ,  a^,  etc.  The  minus  sign  denotes  compression. 
The  temperature  stresses  which  are  too  small  to 
consider  are  not  tabulated. 

In  the  design  of  the  abutments,  the 
thrust  due  to  the  arch  ring  and  its  loading  was 
detennijjed  from  the  stress  diagram.  The  down- 
ward pressure  of  the  abutment  and  the  earth  fill 
above  it  was  then  computed.  The  masonry  v^as  then 
tested  to  see  that  the  resultant  between  the 
downward  pressure  and  the  thrust  of  the  arch  cut 
between  the  middle  third. 


Plate  3  shows  the  design  for  the  cul- 
vert at  the  smaller  ravine.  At  present,  a  14" 
pipe  carries  the  discharse  of  the  stream  and 
this  is  amply  sufficient  except  perhaps  in  times 
of  flood.  But  for  the  sake  of  appearance,  the 
span  and  rise  of  this  arch  have  been  made  much 
greater  than  necessary.  The  effect  attained  is 
the  greater  freedom  of  the  eye  in  following  the 
ravine,  thus  leaving  a  lesser  sense  of  obstruc- 
tion by  the  roadway.  The  arch  is  designed  with- 
out reinf orcment .  A  small  amount  of  steel  has 
been  added  to  insure  permanence  and  avoid  crack- 
ing from  slight  settlement  of  foundations.  The 
details  of  the  design  are  shown. 
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SPECIFICATIONS. 

GENERAL  STIPUMTIONS  PROM  THE  CON- 
TRACT:- In  case  of  ambi^iaity  of  expression  in 
the  specifications,  or  doiibt  as  to  the  correct 
interpretation  of  the  same,  the  matter  shall 
he  submitted  to  the  engineer,  ';vhose  decision 
shall  be  final. 

Any  work  or  materials  that  may  have 
been  accidentally  omitted  in  the  description 
of  the  work,  but*  which  is  clearly  implied, 
shall  be  furnished  by  the  contractor,  the  same 
a.s  though  it  had  been  specifically  stated. 

All  materials  fvamished  and  used 
under  these  specifications  must  be  of  the  best 
quality  of  their  respective  kinds,  free  from 
all  defects  which  in  the  judgement  of  the  en- 
gineer may  render  them  unfit  for  use,  and  no 
rejected  material  shall  be  used  in  part  of  the 
work. 

All  engineers  marks  and  stakes  after 
location  shall  be  careful lly  preserved  without 
dist^arbance  until  permission  for  their  remov- 
al or  erasur'e  shall  be  given,  and  every  facil- 
ity must  be  furnished  for  the  staking  out,  etc, 
of  all  work  to  be  done  under  these  specifica- 
tions . 

spscifigatio:ms  for  road'jay. 

GRADING:-  The  entire  width  of  the 
roadv:ay  is  to  be  graded  to  subgrade,  twelve 
(12)  inches  below  the  finished  grades  in 
accordance  with  the  grades  and  cross-section 
shown  in  plans.  Such  portions  as  are  above 
grade  lines  shall  be  excavated,  and  such  as  are 
below  shall  be  filled  in. 

Slopes  in  both  embankment' and  exca- 
vation shall  be  one  and  one-half  (1.5)  hor- 
izontal to  one  (1)  vertical. 

If  the  material   taken  from  the  ex- 
cavations is  insufficient  to  make  the  embank- 
ments, the  deficiency  shall  be  supplied  by  the 
contractor  and  the  material  so  furnished  shall 
be  good  clean  earth,  sand  or  gravel.  Any  .per- 
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ishable  matter  found  at  sub-grade  level  shall  be 
removed  and  the  space  filled  with  good  material. 

FOUNDATION:-  The  BUb-r;rade  surface 
shall  be  truly  shaped  to  the  required  cross- 
section,  then  rolled  with  a  roller  weighing  not 
less  than  300-,r  per  inch  of  run.  The  rolling 
will  be  continued  until  the  surface  has  become 
firm  and  hard.  Such  parts  as  cannot  be  reached 
by  roller  shall  be  tamped  with  hand  rammers. 
YJhen  rolling,  the  ground  should  be  damp,  but 
not  v;et,  and  if  the  ground  be  dry  it  should  be 
sprinlcied  in  front  of  the  roller. 

On  the  sub-grade  surface,  prepared  as 
above  described,  a  layer  of  bank  gravel  is  to 
be  spread  to  a  depth  of  eight  (8)  inches  and 
rolled  continuously  until  the  depth  is  reduced 
to  six  (S)  inches. 

lIACAD/\l.i :  -  On  the  foxindation  so  pre- 
pared the  broken  stone  sha.ll  be  placed.  Its 
finished  thickness  is  to  be  six  inches.  The 
stone  shall  be  s])read  in  two  layers:  the  first 
T.dll  be  spread  to  a  depth  of  five  inches,  and 
upon  it  shall  be  spread  a  layer  of  clean  sharp 
sand  one  inch  thick.  The  sand  shall  be  v;ashed 
in  vdth  water  from  a  hose.  This  layer  vriLll 
then  be  rolled  until  compacted  to  a  thickness 
of  four  inches.  YJhen  the  first  layer  has  been 
finished  to  the  satisfaction  of  the  engineer, 
the  second  layer  will  be  spread  to  a  depth  of 
four  inches. It  shall  be  treated  as  the  first 
layer  and  rolled  until  all  settlement  has  ceas- 
ed. 

QUALITY  OF  GTONE:-  The  stone  used 
shall  be  a  hard  limestone  free  from  all  for- 
eign matter,  and  so  broken  as  to  be  as  nearly 
cubical  as  practicable, ' and  in  size  not  to  ex- 
ceed in  any  dimention  2.."^  inches,  but  may  range 
from  this  size  down  to  one-quarter  inch  chips; 
but  the  proportion  of  stones  below  one  and  one- 
half  inches  shall  not  exceed  20f^  of  the  whole 
quantity.  The  quality  of  the  stone  delivered 
at  the  work  must  conform  to  the  sample  in  the 
office  of  the  enA'^inecr. 
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GUTTERS:-  The  cobbles  used  shall  have 
a  least  diameter  of  4"  and  shall  not  exceed  S" 
in  their  greatest  dimension.  All  cobbles  shall 
be  placed  in  the  setter  with  the  long  dimension 
vertical.  Tlie  gutter  and  tiling  shall  be  as 
shov/n  on  the  plan. 

SPECIFICATIONS  FOR  BRIDG-ES  . 

GENERAL:-  The  vrar^c  shall  be  construct- 
ed completely  in  accordance  with  the  general 
plans,  sections  and  diagrams  herevrith  submitted, 
and  these  specifications.  The  specifications 
and  drawings  are  intended  to  describe  and  pro- 
vide for  the  complete  work  which  is  ti  be  ex- 
ecuted in  every  detail,  notwithstanding  that 
every  item  necessarily  involved  is  not  mentioned. 

R0ADT7AY  DURING  G0N3TRUCTI0H :  -  The  road- 
way shall  be  kept  open  during  all  stages  of  the 
work,  and  provision  for  this  shall  be  made  by 
the  contractor  by  means  of  trestles  or  in  any 
way  consistent  vath  all  safety  to  all  traffic. 

ERECTIOH:-  The  contractor  shall  em- 
ploy suitable  labor  for  every  kind  of  work.  He 
shall  furnish  all  staging,  piling,  centering, 
casing  and  material  of  every  description  re- 
quired in  the  work  of  erection;  also  all  plant, 
including  engines,  pumps,  derriclcs,  mixing  nach- 
Ines,  pile  drivers,  conveyors,  or  any  other  ap- 
pliance necessary  for  carrying  on  all  parts  of 
the  work. 

FOUNDATIONS;-  The  foundations  shall 
confona  in  every  v:ay  to  the  plans;  excavation 
shall  be  made  to  the  proper  depth  and  piles 
shall  be  driven  vihere  shorai.  The  spaces  between 
the  piles  shall  be  filled  with  concrete. 

The  piles  shall  bo  oa]:,  yellow  pine 
or  any  other  wood  that  vail  stand  the  blow  of 
the  hammer,  straight,  sound  and  cut  from  live 
timber,  trimmed  close,  cut  off  square  at  the 
butt,  and  have  all  bark  taken  off.  rhe  piles 
shall  not  be  less  thaxi  12"  nor  more  than  16" 
in  diameter  at  the  large  end,  nor  less  than 
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10"  in  diameter  at  the  sr.all  end.  The  piles 
after  being  driven  shall  be  sawed  off  at  the 
e  le  vat  i  011  sho  v.n . 

IIATEPJALS:-  Ml  materials  fvi.mished 
by  the  contractor  she-ll  be  subject  to  the  in- 
cpcction  and  approval  of  the  er.fiineer  in  charge) 

CEin^NT:-  The  cement  p.hall  be  trn.e 
Portland  cemient.  The  finenct-s  Bfiall  be  such 
that  at  least  99'^   shall  pass  a  50  mesh  sieve; 
90f  a  100  mesh  sieve  and  70'f.   a  200  cAesh  sieve. 

Samples  for  testing  shall  be  taken 
from  every  barrel  delivered  tmless  otherv.lse 
directed  by  the  engineer. 

Test  specimens  L.hall  be  prepared  of 
neat  cement  and  of  m:Ortar  consisting  of  one 
part  cemient  to  three  parts  of  crushed  qu.ai-tz 
of  such  fineness  as  to  be  retained  on  a  sieve 
of  oO  n.eshes  per  lin.  in.  and  pass  througha 
a  sieve  of  20  meshes  per  lin.  in. 

Specimeiis  of  neat  cement  shall  de- 
velop a  tensile  strength  of  ^fOv  per  sq.  in. 
at  the  end  of  seven  dcays .  Specimens  prepared 
from,  mortar  shall  after  seven  days  develop  a 
fcehsile  strength  of  not  less  than  160#  r,er 
sq.  in.  and  after  28  days  a  tensile  strength 
of  not  less  than  E^fr  per  sq.  in. 

PORTMITD  CEI:"I:T  COI'CRhTE:-  The  con- 
crete shall  be  composed  of  clean  hard  broken 
stone;  cles-n  sharp  sand,  and  mixed  in  propor- 
tions of:  1  cer:ent,  2.5  sa.nd  and  T  broken  stone 
that  rill  pass  a  1.5"  ring-for  the  arch  ring 
betvreen  skev;-  backs;  and  1  cement,  S.5  sand  and 
7  broken  stone  that  v.dll  pass  a  2"  ring-for  the 
abutment  and  spandrels. 

The  ingredients  shall  be  measured 
loose  and  put  into  an  approved  batch  m.ixing 
machine  in  a  dry  state.  TThen  thoroughly  mixed, 
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clean  v-ater  Bhall  be  arlded  and  the  mixing  con- 
tinued until  the  wet  mixture  is  thoroughly  done, 
and  no  more  v/ater  shall  be  added  or  uggc  than 
the  concrete  v.lll  bear  v.'ithout  qualring  in  ram- 
ming. 

All  concrete  must  be  deponitt:d  in  the 
form  ¥;ithin  oO  minutes  after  leaving  the  mixer. 

CENTKRIIIG:-  The  contractor  shell  build 
an  unyeildin^  false  v/oi-k  or  centering.  The  lag- 
ging shall  be  dressed  to  a  uniform  size,  and 
the  surface  against  the  concrete  shall  conform 
to  the  lines  sh07<n  on  the  drarangs .  The  centers 
shall  be  so  const nicted  as  not  to  distort  the 
arch  as  the  v/ork  progresses.  The  center  shall 
not  be  struck  iintll  at  least  28  days  after  the 
comr^etion  of  the  arch.  The  centers  shall  be 
lowered  sufficiently  to  allo\v  the  arch  ring  to 
assume  its  perm.anent  set  before  tlie  spandrel 
walls  are  poured. 

STEEL  T^IESt-  Steel  ribs  shall  be 
placed  at  the  proper  position  as  shov.Ti  in  the 
plans.  All  steel  must  be  free  from,  paint,  oil, 
and  all  scale  and  rust,  before  placing  in  the 
v/ork.  The  steel  must  be  thoroughly  surrovmded 
by  and  imbedded  in  the  concrete. 

CONCRETING  THE  ARCK  RING:-  The  con- 
crete for  the  arches  shall  be  started  simul- 
taneously from,  both  ends  of  the  aj?ch,  and  be 
built  in  longitudinal  sections  v.dde  enough  to 
enclose  at  least  tv;o  steel  ribs.  The  concrete 
shall  be  placed  in  layers,  each  layer  being 
\vell  rammed  in  place  before  the  previously  de- 
posited layer  has  had  time  to  settle  partially. 
The  work  shall  proceed  continuoiisly  to  complete 
each  longitudins.!  section.  In  connecting  concrete 
already  set  vdth  nevr   concrete  the  surface  shall 
be  cleaned  and  roughened  and  mopp-ed  with  a  mor- 
tar composed  of  one  part  Portland  cement  and 
one  part  sand,  to  cement  the  parts  together. 
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WATERPP.OOFIKC-:-  After  the  coTnpletion 
of  the  arches  and  spandrels,  and  before  any  fill 
is  put  in,  the  top  sui'face  of  arches  and  abut- 
ments and  the  lower  6"  of  the  inner  surface  of 
the  spandi-el  \mllB  shall  be  covered  v.l th  a  cuit- 
able  vraterp roofing  material,  eo  as  to  excl^'.de 
v/ater  effectually. 

FILL:-  The  space  betvieen  spandrels 
shall  be  filled  v/ith  sand,  earth, cinders  or 
gravel,  and  be  thoroughly  cOKpacted  by  ramming, 
steam  road  roller,  and  saturating  v^lth  v-ater, 
and  be  finished  to  the  proper  grade  to  receive 
the  curbing  3.nd  pavement . 

CLEANING  UP:-  Upon  com.pletion  of  the 
v.'ork,  and  before  final  acceptance  thereof,  the 
contractor  shall  remove  all  temporary  v.-ork 
from,  the  ravines  sjnd  all  i^ibbish  fi-om  the  road- 
way. 

RELIOVAL  OF  OLD  BRIDGE:-  The  old  bridge 
Bhall  be  entirely  rem.oved  by  the  contractor 
and  the  material  r'er.oved  shall  becone  his  pro- 
perty. 
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